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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a power gen-
erating apparatus using a solid oxide fuel cell and, more
particularly, to a power generating apparatus using a sol-
id oxide fuel cell that comprises a cathode layer and an
anode layer formed on a solid oxide substrate, and that
can provide increased power generation efficiency and
can easy utilization of heat, while also providing a com-
pact construction, by employing a simple structure that
does not require hermetic sealing.

2. Description of the Related Art

[0002] Heretofore, fuel cells have been developed and
commercially implemented as a low-pollution power gen-
erating means to replace traditional power generation
systems such as thermal power generation systems, or
as electric energy sources for electric vehicles that re-
place internal combustion engines which use gasoline or
the like as the fuel. Fuel cells are also attracting attention
as power supply sources for personal computers, etc.
For such fuel cells, much research work has been done
to develop higher-efficiency and low-cost fuel cells.
[0003] There are various types of fuel cells classified
according to how they generate power, one type being
a fuel cell that uses a solid electrolyte. To give an example
of such a solid oxide fuel cell using a solid electrolyte,
there is a fuel cell that uses, as a solid oxide substrate,
an oxygen ion conducting solid electrolyte formed from
a calcined structure of yttria(Y2O3)-doped stabilized zir-
conia.
[0004] The fuel cell that uses such a solid oxide sub-
strate comprises a cathode electrode layer formed on
one surface of a flat plate solid oxide substrate and an
anode electrode layer formed on the opposite surface
thereof, and the solid oxide substrate, the cathode elec-
trode layer, and the anode electrode layer together form
one solid oxide fuel cell unit.
[0005] Oxygen or an oxygen-containing gas is sup-
plied to the cathode electrode layer, while a fuel gas such
as methane is supplied to the anode electrode layer. A
potential difference occurs between the cathode elec-
trode layer and the anode electrode layer and, when lead
wires are connected to the cathode electrode layer and
the anode electrode layer, the fuel cell can generate elec-
tric power.
[0006] However, in the case of a power generating ap-
paratus using this type of fuel cell, separate chambers
must be provided, one being an oxygen or an oxygen-
containing gas supply chamber on the cathode layer side
and the other a fuel gas supply chamber on the anode
layer side.
[0007] On the other hand, in another type of fuel cell

power generating apparatus, the fuel cell unit is con-
structed by forming a cathode electrode layer and an
anode electrode layer on opposite surfaces of a solid
oxide substrate, and an electromotive force is generated
between the cathode electrode layer and the anode elec-
trode layer by placing the fuel cell unit in a mixture gas
atmosphere containing a fuel gas, for example, methane
gas, and oxygen gas.
[0008] The principle of generating an electromotive
force between the cathode electrode layer and the anode
electrode layer in this type of fuel cell power generating
apparatus is the same as that for the above-described
separate-chamber type fuel cell power generating appa-
ratus but, as the whole fuel cell unit can be placed in
substantially the same atmosphere, the fuel cell unit can
be constructed as a single-chamber type unit to which
the mixture gas is supplied, and this serves to increase
the durability of the fuel cell unit.
[0009] However, in this single-chamber fuel cell power
generating apparatus, as the fuel cell has to be operated
at a high temperature of about 1000°C, there is the dan-
ger that the mixture gas may explode. Here, if the oxygen
concentration is reduced to a level lower than the ignit-
ability limit to avoid such danger, there occurs the prob-
lem that carbonization of the fuel, such as methane,
progresses and the fuel cell performance degrades. In
view of this, there is proposed, for example, in Japanese
Unexamined Patent Publication No. 2003-92124, a sin-
gle-chamber fuel cell power generating apparatus that
can use a mixture gas whose oxygen concentration is
controlled so as to be able to prevent the progress of
carbonization of the fuel, while at the same time, prevent-
ing an explosion of the mixture gas.
[0010] Another power generating apparatus that uses
a solid oxide fuel cell is proposed in Japanese Unexam-
ined Patent Publication No. 2003-297397. In this fuel cell
power generating apparatus, the space inside the con-
tainer, except the space occupied by the fuel cell unit; is
provided with explosion preventing means, and further,
the exhaust gas discharged from the fuel cell unit is
burned by a combustion device to ensure safe treatment
of the exhaust gas.
[0011] The above-cited Japanese Unexamined Patent
Publication No. 2003-297397 further discloses a fuel cell
power generating apparatus in which the solid oxide fuel
cell unit is mounted in a vertical position within the con-
tainer, and the container is changed from a hermitically
sealed type to an open type.
[0012] In the fuel cell power generating apparatus
changed to the open type, the exhaust gas discharged
from the fuel cell unit is burned in the space created in
the upper part of the container, thereby ensuring safe
treatment of the fuel cell exhaust gas while prevention
an explosion of the exhaust gas.
[0013] In this fuel cell power generating apparatus, it
is possible to enhance the energy utilization efficiency
by recovering part of the heat generated by the combus-
tion of the exhaust gas by using a heat recovering means
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such as a heating coil provided in the combustion device.
However, a heater is mounted around the outer circum-
ference of the container to heat the solid oxide fuel cell
unit. In view of this, the above-cited Japanese Unexam-
ined Patent Publication,No. 2003-297397 proposes that,
in the fuel cell power generating apparatus, the solid ox-
ide fuel cell unit be heated by the combustion device us-
ing the exhaust gas, thereby eliminating the need for the
heater.
[0014] In this fuel cell power generating apparatus, the
end of the exhaust pipe is pointed toward the sidewall of
the container where the combustion device is mounted.
The heat produced by burning the exhaust gas intro-
duced to the end of the exhaust pipe is used for heating
the fuel cell housing section of the container. The solid
oxide fuel cell can thus be readily heated to its operating
temperature.
[0015] However, in the fuel cell power generating ap-
paratus disclosed in the above-cited Japanese Unexam-
ined Patent Publication No. 2003-297397, the exhaust
gas discharged from the solid oxide fuel cell unit is intro-
duced to the outer circumference of the cylindrical con-
tainer for combustion; the fuel cell unit itself can be heated
by the combustion heat but, because the combustion of
the exhaust gas occurs outside the container, a special
exhaust pipe and a special combustion device must be
provided and, in addition to that, the cylindrical container
must be hermetically sealed, which makes it indispensa-
ble to provide filler layers. As a result, the fuel cell power
generating apparatus not only becomes complex in con-
struction but its volume also increases.
[0016] Accordingly, it is an object of the present inven-
tion to provide a solid oxide fuel cell that ensures safe
exhaust gas treatment while preventing an explosion of
the exhaust gas within the fuel cell, that allows the fuel
cell unit to be readily heated to its operating temperature
by the combustion of the exhaust gas, that provides a
simple construction, and that has an increased the power
generation density per unit volume. DE 10059892, WO
01/733881, US-A-5273837, EP-A-1394885, and JP
2002 280053 describe previous fuel cell systems of the
type described above.

SUMMARY OF THE INVENTION

[0017] To solve the above problems, a power gener-
ating apparatus using a solid oxide fuel cell according to
the present invention comprises: a solid oxide fuel cell
unit having a solid oxide substrate, a porous cathode
electrode layer formed on one surface of said substrate,
and a porous anode electrode layer formed on the other
surface of said substrate opposite from said one surface;
a wall structure forming a housing section for housing
said solid oxide fuel cell unit mounted in a vertical posi-
tion, the wall structure encircling the solid oxide fuel cell
unit;
a supply device for supplying air and fuel to said solid
oxide fuel cell unit, the supply device being provided at

an upper end of said wall structure; and
a combustion device for heating said solid oxide fuel cell
unit by combusting an exhaust gas exiting from a lower
end of said solid oxide fuel cell unit, the combustion de-
vice being provided at a lower end of said wall structure.
[0018] A plurality of such solid oxide fuel cell units,
each formed in the shape of a flat plate, are stacked and
housed in the housing section in such a manner that the
cathode electrode layer or the anode electrode layer of
each of the solid oxide fuel cell units is in direct contact
with the anode electrode layer or the cathode electrode
layer of an adjacent one of the solid oxide fuel cell units.
[0019] The solid oxide fuel cell units are stacked by
interposing a separator layer between each of the solid
oxide fuel cell units and an adjacent one of the solid oxide
fuel cell units, and the supply device supplies air to each
of the cathode electrode layers from an upper end there-
of, and supplies fuel to each of the anode layers from an
upper end thereof, wherein the separator layer is formed
from an electrically conductive or electrically insulating
plate.
[0020] Alternatively, the supply device supplies a
mixed gas containing air and fuel to each of the solid
oxide fuel cell units from an upper end thereof.
[0021] The solid oxide fuel cell units are stacked by
interposing a gas-permeable electrically conductive layer
between each of the solid oxide fuel cell units and an
adjacent one of the solid oxide fuel cell units, wherein
the electrically conductive layer is formed from a metal
or electrically conductive ceramic porous structure, or
the electrically conductive layer has a groove formed
along a vertical direction. Alternatively, the electrically
conductive layer is formed from a plate corrugated at
right angles to a vertical direction or from a metal or car-
bon woven fabric.
[0022] The plurality of solid oxide fuel cell units are
divided into unit arrays, and the unit arrays are stacked
inside the wall structure, wherein an electrically insulating
intervening layer is inserted between the stacked unit
arrays, and outputs of the unit arrays are connected in
parallel.
[0023] The plurality of solid oxide fuel cell units are
vertically divided into unit arrays by interposing an elec-
trically insulating porous layer therebetween, and the unit
arrays are stacked inside the wall structure, wherein the
outputs of the unit arrays are connected in parallel.
[0024] The solid oxide fuel cell unit is formed as a
wound structure spirally wound around a vertical axis.
The wound structure is formed from a plurality of solid
oxide fuel cell units stacked one on top of another, and
a plurality of such wound structures are arranged in par-
allel to each other within the housing section, wherein
the supply device supplies a mixture gas containing the
air and the fuel to the solid oxide fuel cell unit from an
upper end thereof.
[0025] An electrically insulating porous layer is formed
on a lower surface of the housing section, and the ex-
haust gas is supplied to the combustion device via the
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electrically insulating layer.
[0026] In the power generating apparatus using the
solid oxide fuel cell according to the present invention, a
heat insulator layer is provided on the outside of the wall
structure, and further, a cooler or a heat exchanger is
provided on the outside of the heat insulator layer.
[0027] As described above, the power generating ap-
paratus using the solid oxide fuel cell according to the
present invention comprises the wall structure having a
housing section which encircles and houses therein the
solid oxide fuel cell unit with the surfaces thereof held in
a vertical position, the supply device for supplying air and
fuel to the solid oxide fuel cell unit from above the housing
section, and the combustion device for heating the solid
oxide fuel cell unit by combusting an exhaust gas exiting
from the lower end of the solid oxide fuel cell unit in the
space below the housing section; accordingly, the ex-
haust gas can be treated safely while preventing the ex-
plosion of the exhaust gas within the fuel cell, and further,
the area near the fuel cell unit can be readily heated to
the fuel cell operating temperature by utilizing the com-
bustion of the exhaust gas.
[0028] It therefore becomes possible to start the power
generating operation of the solid oxide fuel cell by using
a simple structure for heating the solid oxide fuel cell unit.
Furthermore, the construction of the power generating
apparatus using the solid oxide fuel cell can be simplified,
and the power generation density per unit volume can
also be increased.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] Other features, objects and advantages of the
present invention will become apparent from the follow-
ing description of preferred embodiments with reference
to the drawings in which like reference characters des-
ignate like or corresponding parts throughout several
views, and in which:

Figure 1 is a diagram for explaining a first embodi-
ment of a power generating apparatus using a solid
oxide fuel cell according to the present invention;
Figure 2 is a diagram for explaining a second em-
bodiment of a power generating apparatus using a
solid oxide fuel cell according to the present inven-
tion;
Figure 3 is a diagram for explaining a third embodi-
ment of a power generating apparatus using a solid
oxide fuel cell according to the present invention;
Figure 4 is a diagram for explaining a fourth embod-
iment of a power generating apparatus using a solid
oxide fuel cell according to the present invention;
Figure 5 is a diagram for explaining a specific exam-
ple of an electrically insulating intervening layer used
in the fourth embodiment;
Figure 6 is a diagram for explaining a fifth embodi-
ment of a power generating apparatus using a solid
oxide fuel cell according to the present invention;

Figures 7A and 7B are diagrams for explaining a
sixth embodiment of a power generating apparatus
using a solid oxide fuel cell according to the present
invention;
Figure 8 is a diagram for explaining the structure of
a solid oxide fuel cell unit;
Figure 9 is a diagram for explaining the construction
of a power generating apparatus using a solid oxide
fuel cell according to the prior art; and
Figure 10 is a diagram for explaining a power gen-
erating apparatus using a solid oxide fuel cell with
modifications made to improve the method of heating
the solid oxide fuel cell unit.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0030] Embodiments of the power generating appara-
tus using a solid oxide fuel cell according to the present
invention will be described below with reference to the
drawings. However, before proceeding to the description
of the power generating apparatus using a solid oxide
fuel cell according to the present invention, a power gen-
erating apparatus using a solid oxide fuel cell proposed
in the prior art will be described in order to clarify the
features and advantages of the present invention.
[0031] Figure 8 shows the structure of the solid oxide
fuel cell used in the power generating apparatus. The
solid oxide fuel cell comprises a cathode electrode layer
2 formed on one surface of a flat plate solid oxide sub-
strate 1 and an anode electrode layer 3 formed on the
opposite surface thereof, and the solid oxide substrate,
the cathode electrode layer, and the anode electrode lay-
er together form one solid oxide fuel cell unit C. Here,
oxygen or an oxygen-containing gas is supplied to the
cathode electrode layer 2, while a fuel gas such as meth-
ane is supplied to the anode electrode layer 3.
[0032] In this solid oxide fuel cell unit C, the oxygen
(O2) supplied to the cathode electrode layer 2 is convert-
ed into oxygen ions (O2-) at the boundary between the
cathode electrode layer 2 and the solid oxide substrate
1, and the oxygen ions are conducted through the solid
oxide substrate 1 into the anode electrode layer 3 where
the ions react with the fuel gas, for example, a methane
gas (CH4), supplied to the anode electrode layer 3, pro-
ducing water (H2O), carbon dioxide (CO2), hydrogen
(H2), and carbon monoxide (GO). In this reaction proc-
ess, the oxygen ions release electrons, and a potential
difference therefore occurs between the cathode elec-
trode layer 2 and the anode electrode layer 3. Here, when
lead wires L1 and L2 are attached to the cathode elec-
trode layer and the anode electrode layer, the electrons
in the anode electrode layer 3 flow into the cathode layer
2 via the lead wires, and the fuel cell can thus generate
electric power. The operating temperature of this fuel cell
is about 1000°C.
[0033] However, the power generating apparatus us-
ing this type of solid oxide fuel cell requires the provision
of separate chambers, one being an oxygen or oxygen-
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containing gas supply chamber on the cathode layer side
and the other a fuel gas supply chamber on the anode
layer side; furthermore, since the fuel cell is exposed to
oxidizing and reducing atmospheres at high tempera-
tures, it has been difficult to increase the durability of the
fuel cell unit.
[0034] On the other hand, in another type of solid oxide
fuel cell, the fuel cell unit is constructed by forming a
cathode electrode layer and an anode electrode layer on
opposite surfaces of a solid oxide substrate, and an elec-
tromotive force is generated between the cathode elec-
trode layer and the anode electrode layer by placing the
fuel cell unit in a mixed gas atmosphere containing a fuel
gas, for example, methane gas, and oxygen gas. The
principle of generating an electromotive force between
the cathode electrode layer and the anode electrode lay-
er in this type of fuel cell is the same as that for the above-
described separate-chamber type fuel cell but, as the
whole fuel cell unit can be placed in substantially the
same atmosphere, the fuel cell unit can be constructed
as a single-chamber type unit to which the mixed gas is
supplied, and this serves to increase the durability of the
fuel cell unit.
[0035] However, in this single-chamber fuel cell also,
as the fuel cell has to be operated at a high temperature
of about 1000°C, there is the danger that the mixed gas
may explode. Here, if the oxygen concentration is re-
duced to a level lower than the ignitability limit to avoid
such danger, there occurs the problem that carbonization
of the fuel, such as methane, progresses and the fuel
cell performance degrades. In view of this, there is pro-
posed a single-chamber fuel cell power generating ap-
paratus that can use a mixed gas whose oxygen concen-
tration is controlled so as to be able to prevent the
progress of carbonization of the fuel, while at the same
time, preventing an explosion of the mixed gas.
[0036] Figure 9 shows the construction of the proposed
single-chamber fuel cell power generating apparatus.
The power generating apparatus shown in Figure 9 is
constructed by stacking a plurality of solid oxide fuel cell
units, each containing a solid oxide substrate, one on top
of another with each unit oriented parallel to the flow di-
rection of the mixture gas. Each fuel cell unit comprises
a solid oxide substrate 1 of a closely compacted structure
and a cathode electrode layer 2 and an anode electrode
layer 3 as porous layers formed on opposite surfaces of
the solid oxide substrate 1, and the plurality of fuel cell
units C1 to C4 of identical structure are stacked in a ce-
ramic container 4. Then, the fuel cell units are hermeti-
cally sealed in the container 4, after adding fillers 7 and
8, by closing them with end plates 9 and 10. A heater for
heating the fuel cell units is provided around the outer
circumference of the container 4.
[0037] The container 4 is provided with a supply pipe
5 for supplying the mixture gas containing air Go and a
fuel F such as methane, and an exhaust pipe 6 for the
exhaust gas Ge. Vacant spaces in the container 4, where
the mixture gas and the exhaust gas flow, i.e., the areas

in the container 4 other than the area occupied by the
fuel cell units, are filled with the fillers 7 and 8, and a
suitable gap is provided therebetween, thereby prevent-
ing the mixture gas from igniting, even when a mixed gas
within the ignitability limit is contained therein, when the
fuel cells are operated.
[0038] Another fuel cell power generating apparatus
has been proposed. In this fuel cell power generating
apparatus, the space inside the container, except the
space occupied by the fuel cell unit, is provided with ex-
plosion preventing means, and further, the exhaust gas
exiting from the fuel cell unit is burned by a combustion
device to ensure safe treatment of the exhaust gas. As
a result, the oxygen concentration in the mixture gas can
be increased (to reduce the fuel density), thus enhancing
the power generation efficiency of the fuel cell unit while
preventing further degradation of the fuel cell perform-
ance due to carbonization of the fuel contained in the
mixture gas.
[0039] On the other hand, there has been proposed a
fuel cell power generating apparatus in which the stack
of the solid oxide fuel cell units shown in Figure 9 is
mounted vertically, and the exhaust pipe 6 and the end
plate 10 at the top are removed, thereby changing the
container 4 from the hermetically sealed type to the open
type. The composition of the mixture gas supplied from
the supply pipe 5 changes as the mixture gas flows down-
stream through the cathode electrode and anode elec-
trode layers of the stacked fuel cell units; that is, the
amount of oxygen decreases, and water (H2O), carbon
dioxide (CO2), hydrogen (H2), and carbon monoxide
(CO) increase. However, due to the area size and reac-
tion efficiency of the stacked fuel cell units, unreacted
fuel gas is contained in the exhaust gas Ge discharged
from the fuel cell units. As a result, the concentration of
the fuel gas in the exhaust gas exiting from the filler layer
8 lies within the combustion range (i.e., within the ignit-
ability limit) and is therefore sufficiently combustible.
[0040] Then, in the fuel cell power generating appara-
tus changed to the open type, the exhaust gas discharged
from the fuel cell units is burned in the space created in
the upper part of the container 4 by removing the end
plate 10; this serves to ensure safe treatment of the fuel
cell exhaust gas while prevention an explosion of the
exhaust gas. When ignited immediately after exiting from
the filler layers 8, the exhaust gas Ge burns in the upper
space of the container 4, but the combustion does not
occur within the filler layer 8, because the gap between
the fillers in the filler layer 8 is set so that, even when a
mixture gas within the ignitability limit is contained there-
in, the mixture gas cannot ignite.
[0041] For the fillers filled into the space of the fuel cell,
use can be made of pulverized powders, porous struc-
tures, or capillaries formed from a metal or a ceramic
stable under the operating conditions of the fuel cell. Such
pulverized powders, porous structures, or capillaries can
be formed from an alloy containing one or more kinds of
metals selected from the group consisting of Ti, Cr, Te,
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Co, Ni, Cu, Al, Mo, Rh, Pd, Ag, W, Pt, and Au, or from a
ceramic containing one or more kinds of materials se-
lected from the group consisting of Mg, Al, Si, and Zr.
Pulverized powders with a particle size of 50 Pm to 1000
Pm are preferable and, in the case of porous structures,
structures with a porosity of not less than 50% is prefer-
able. For capillaries, capillaries with an internal diameter
of 100 Pm to 200 Pm can be used; long capillaries may
be filled into the space by arranging them parallel to the
flow direction of the mixture gas or exhaust gas, or short
capillaries may be randomly filled into the space.
[0042] In this fuel cell power generating apparatus, it
is possible to enhance the energy utilization efficiency
by recovering part of the heat generated by the combus-
tion of the exhaust gas by using a heat recovering means
such as a heating coil provided in the combustion device.
A heater is mounted around the outer circumference of
the container to heat the solid oxide fuel cell units.
[0043] Figure 10 shows the construction of the fuel cell
power generating apparatus with modifications made to
heat the solid oxide fuel cell units by the combustion de-
vice using the exhaust gas Ge, thereby eliminating the
need for the heater. In the fuel cell power generating ap-
paratus shown in Figure 10, a plurality of fuel cell units
C1 to C5, each identical in structure to the solid oxide
fuel cell unit C shown in Figure 8, are stacked vertically
and housed in a container 4. As a whole, the fuel cell
power generating apparatus shown in Figure 10 is similar
in construction to the fuel cell power generating appara-
tus shown in Figure 9, but differs in that the fuel cell units
are stacked in a vertical position.
[0044] Further, in the fuel cell power generating appa-
ratus shown in Figure 9, the exhaust pipe 6 was mounted
to the end plate 10 but, in the fuel cell power generating
apparatus shown in Figure 10, exhaust pipes 61 and 62
are mounted extending outwardly of the container 4 from
the upper part of the filler layer 8. In the example of Figure
10, two exhaust pipes are installed, but the number of
exhaust pipes should be suitably determined but must
be not smaller than two; the plurality of exhaust pipes are
arranged at equally spaced intervals around the outer
circumference of the container 4.
[0045] The end of each of the exhaust pipes 61 and
62 is pointed toward the sidewall of the container 4 where
the combustion device is mounted. The exhaust gas Ge
exiting from the fuel cell units passes through the filler
layer 8 and is introduced through the exhaust pipes 61
and 62 to their ends where the exhaust gas is burned.
The heat produced by burning the exhaust gas Ge is
used for heating the fuel cell housing section of the con-
tainer 4. The area near the fuel cell units can thus be
readily heated to the fuel cell operating temperature.
[0046] However, in this fuel cell power generating ap-
paratus, because the combustion of the exhaust gas oc-
curs outside the container, a special exhaust pipe and a
special combustion device must be provided and, in ad-
dition to that, the container must be hermetically sealed,
which makes it indispensable to provide the filler layer.

As a result, the solid oxide fuel cell not only becomes
complex in construction but its volume also increases.
[0047] In view of this, the solid oxide fuel cell power
generating apparatus according to the present invention
is constructed so that the exhaust gas can be treated
safely while preventing the explosion of the exhaust gas
within the fuel cell, so that the fuel cell unit can be readily
heated to its operating temperature by the combustion
of the exhaust gas, so that the construction of the solid
oxide fuel cell can be simplified, and so that the power
generation density per unit volume can be increased.
[0048] Next, first to sixth embodiments of the power
generating apparatus using the solid oxide fuel cell ac-
cording to the present invention will be described with
reference to Figures 1 to 7. However, before proceeding
to the description of the embodiments, the solid oxide
fuel cell unit used in common in the embodiments will be
described in detail below.
[0049] The solid oxide fuel cell unit used in the power
generating apparatus of each embodiment is basically
the same in structure as the solid oxide fuel cell unit C
shown in Figure 8, and comprises the solid oxide sub-
strate 1, the cathode electrode layer 2, and the anode
electrode layer 3. The solid oxide fuel cell used in the
power generating apparatus of each embodiment is con-
structed by stacking a plurality of such solid oxide fuel
cell units C.
[0050] The solid oxide substrate 1 is, for example, a
flat rectangular plate, and the cathode electrode layer 2
and the anode electrode layer 3 are respectively formed
over almost the entire surfaces of the flat solid oxide sub-
strate 1 in such a manner as to face each other with the
solid oxide substrate 1 interposed therebetween. A lead
wire L1 is connected to the cathode electrode layer 2 and
a lead wire L2 to the anode electrode layer 3, and the
fuel cell output is taken between the lead wires L1 and
L2. The solid oxide substrate 1 need only be formed in
a plate-like shape, and need not be limited to the rectan-
gular shape but can take any shape and size suitable for
incorporation into the apparatus.
[0051] For the solid oxide substrate 1, known materials
can be used, examples including the following:

a) YSZ (yttria-stabilized zirconia), ScSZ (scandia-
stabilized zirconia), and zirconia-based ceramics
formed by doping these materials with Ce, Al, etc.
b) SDC (samaria-doped ceria), GDC (gadolinium-
doped ceria), and other ceria-based ceramics.
c) LSGM (lanthanum gallate) and bismuth oxide-
based ceramics.

[0052] For the anode electrode layer 3, known mate-
rials can be used, examples including the following:

d) Cermet of nickel and a ceramic based on yttria-
stabilized zirconia or scandia-stabilized zirconia or
a ceramic based on ceria (SDC, GDC, YDC, etc.).
e) Sintered material composed principally of electri-
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cally conductive oxide (50% to 99% by weight) (elec-
trically conductive oxide is, for example, nickel oxide
containing lithium in solid solution).
f) Material given in d) or e) to which a metal made of
a platinum-group element or its oxide is added in an
amount of about 1% to 10% by weight.

Of these materials, d) and e) are particularly preferable.
[0053] The sintered material composed principally of
electrically conductive oxide given in e) has excellent ox-
idation resistance and, therefore, can prevent phenom-
ena resulting from the oxidation of the anode electrode
layer, such as delamination of the anode electrode layer
from the solid oxide layer and degradation of power gen-
eration efficiency or inability to generate power due to
the rise in the electrode resistance of the anode electrode
layer. For the electrically conductive oxide, nickel oxide
containing lithium in solid solution is preferable. It will
also be noted that high power generation performance
can be obtained by adding a metal made of a platinum-
group element or its oxide to the material given in d) or e).
[0054] For the cathode electrode layer, known mate-
rials, which contain an element such as lanthanum se-
lected from group III of the periodic table and doped with
strontium (Sr), can be used. Examples include a man-
ganic acid compound (for example, lanthanum strontium
manganite), a gallium acid compound and a cobalt acid
compound (for example, lanthanum strontium cobaltite
and samarium strontium cobaltite).
[0055] The cathode electrode layer 2 and the anode
electrode layer 3 are both formed in a porous structure.
For these electrode layers, the porosity of the porous
structure should be set to 20% or higher, preferably 30
to 70%, and more preferably 40 to 50%. In the solid oxide
fuel cell unit used in the present invention, the cathode
electrode layer 2 and the anode electrode layer 3, each
formed in a porous structure, are placed vertically; there-
fore, the mixture gas must be introduced from the upper
end of the structure and be passed through to the lower
end thereof so that the mixture gas can be supplied to
the entire surface of each electrode layer.
[0056] Unlike the solid oxide fuel cell power generating
apparatuses shown in Figures 9 and 10, the filler layers
that sandwich the solid oxide fuel cell units from both
ends are not provided in the power generating apparatus
of the present invention; therefore, when the fuel cell is
operated, the oxygen concentration in the mixed gas
passing through the solid oxide fuel cell units might be
within the ignitability limit and the mixed gas may ignite.
To prevent this, the vertical length of each solid oxide
fuel cell unit is set so that the mixture gas cannot ignite.
More specifically, the length of the fuel cell unit is chosen
to be smaller than the quenching distance of the mixed
gas within the ignitability limit and contained in the unit
when the fuel cell is operated.
[0057] As a result, if the oxygen concentration in the
mixture gas supplied to the solid oxide fuel cell unit in-
creases up to the ignitability limit, ignition can be avoided.

It is known that the quenching distance varies depending
on the oxygen concentration in the mixture gas, pressure,
etc.; therefore, the size and the porosity of the porous
structure of each of the cathode electrode and anode
electrode layers must be determined in accordance with
the quenching distance of the mixture gas that is present
when the fuel cell is operated, and it is preferable to obtain
the values experimentally.
[0058] The solid oxide substrate 1 can also be formed
as a porous structure. If the solid oxide substrate was
formed as a closely compacted structure, its thermal
shock resistance would drop, and the substrate would
tend to crack when subjected to abrupt temperature
changes. Furthermore, as the solid oxide substrate is
generally formed thicker than the anode electrode layer
and the cathode electrode layer, any crack occurring in
the solid oxide substrate would lead to the formation of
cracks in the entire structure of the solid oxide fuel cell
which would eventually disintegrate.
[0059] When the solid oxide substrate is formed as a
porous structure, its thermal shock resistance increases,
and defects such as cracking do not occur even when
the substrate is subjected to abrupt temperature changes
or to a heat cycle involving rapid changes in temperature
during power generation. Further, when the porous struc-
ture was fabricated with a porosity of less 10%, no ap-
preciable improvement in thermal shock resistance was
observed, but when the porosity was 10% or higher, good
thermal shock resistance was observed, and a better re-
sult was obtained when the porosity was increased to
20% or higher. This is presumably because, when the
solid oxide substrate is formed in a porous structure, ther-
mal expansion due to heating is absorbed by the pores
in the porous structure.
[0060] The solid oxide fuel cell unit is fabricated, for
example, in the following manner. First, powders of ma-
terials for forming the solid oxide substrate are mixed in
prescribed proportions, and the mixture is molded into a
flat plate-like shape. After that, the flat plate-like structure
is calcined and sintered to produce the solid oxide layer
which serves as the substrate. Here, by adjusting the
kinds and proportions of the powder materials including
a pore-forming agent and the calcination conditions such
as calcination temperature, calcination time, preliminary
calcination, etc., solid oxide substrates with various po-
rosities can be produced. A paste is applied in the shape
of a cathode electrode layer on one surface of the sub-
strate thus obtained as the solid oxide layer, and a paste
is applied in the shape of an anode electrode layer on
the other surface thereof; thereafter, the entire structure
is calcined to complete the fabrication of a single solid
oxide fuel cell unit.
[0061] The durability of the solid oxide fuel cell unit can
be further increased. In this durability increasing method,
a metal mesh is embedded in or fixed to each of the
cathode electrode and anode electrode layers of the fuel
cell unit. In the case of the embedding method, the ma-
terial (paste) for forming each layer is applied over the
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solid oxide substrate, and the metal mesh is embedded
in the thus applied material, which is then calcined. In
the case of the fixing method, the metal mesh is not com-
pletely embedded in each layer material but may be fixed
on a surface of it, followed by sintering.
[0062] For the metal mesh, a material that has excel-
lent heat resistance, and that well matches the thermal
expansion coefficient of the cathode electrode layer and
anode electrode layer which the metal mesh is to be em-
bedded in or fixed to, is preferred. Specific examples in-
clude a platinum metal and a platinum-containing metal
alloy formed in the shape of a mesh. Alternatively, stain-
less steel of SUS 300 series (304, 316, etc.) or SUS 400
series (430, etc.) may be used as these materials are
advantageous in terms of cost.
[0063] Instead of using the metal mesh, metal wires
may be embedded in or fixed to the anode electrode layer
and the cathode electrode layer. The metal wires are
formed using the same metal material as that used for
the metal meshes, and the number of wires and the con-
figuration of the wire arrangement are not limited to any
particular number or configuration. The metal meshes or
metal wires embedded in or fixed to the anode electrode
layer and the cathode electrode layer serve to reinforce
the structure so that the solid oxide substrate, if cracked
due to its thermal history, etc., will not disintegrate into
pieces; furthermore, the metal meshes or the metal wires
act to electrically connect cracked portions.
[0064] The above description has been given by deal-
ing with the case where the solid oxide substrate is
formed in a porous structure, but it will be recognized that
the solid oxide substrate of the fuel cell may instead be
formed in a closely compacted structure; in that case,
the metal meshes or the metal wires embedded in or
fixed to the cathode electrode layer and the anode elec-
trode layer provide particularly effective means to cope
with the problem of cracking due to thermal history.
[0065] The metal meshes or the metal wires may be
provided in both the anode electrode layer and the cath-
ode electrode layer or in either one of the layers. Further,
the metal meshes and the metal wires may be used in
combination. When the metal meshes or the metal wires
are embedded at least in the anode electrode layer, then
if cracking occurs due to thermal history, the power gen-
eration performance of the fuel cell does not degrade and
the fuel cell can continue to generate power. As the power
generation performance of the solid oxide fuel cell unit
is largely dependent on the effective area of the anode
electrode layer as the fuel electrode, the metal meshes
or the metal wires should be provided at least in the anode
electrode layer.
[0066] As described above, the solid oxide fuel cell unit
used in common between the embodiments of the power
generating apparatus using the solid oxide fuel cell ac-
cording to the present invention is basically the same in
structure as the earlier described solid oxide fuel cell unit
C, and comprises the solid oxide substrate 1, the cathode
electrode layer 2, and the anode electrode layer 3, and

the solid oxide fuel cell is constructed by housing a single
solid oxide fuel cell unit C or a stack of such solid oxide
fuel cell units in a cylindrical container. The first to sixth
embodiments of the power generating apparatus using
the solid oxide fuel cell and be described below differ in
the way in which the solid oxide fuel cell unit or units are
housed in the container.

<Embodiment 1>

[0067] The first embodiment concerns the case in
which, in each of the plurality of solid oxide fuel cell units,
air is supplied to the cathode electrode layer and fuel is
supplied to the anode electrode layer separately from
each other. Figure 1 shows the power generating appa-
ratus using the solid oxide fuel cell according to the first
embodiment.
[0068] In the power generating apparatus using the
solid oxide fuel cell shown in Figure 1, a plurality of solid
oxide fuel cell units, each identical to the one shown in
Figure 8, are arranged in layers, and the same parts as
those previously shown are designated by the same ref-
erence numerals. In the figure, five solid oxide fuel cell
units C1 to C5 each having the same rectangular shape
are stacked in a vertical position and housed inside a
wall structure 11 formed from a heat insulator layer. The
number of solid oxide fuel cell units is not limited to five,
but one or more fuel cell units can be used, the number
being chosen according to the voltage value or current
value to be extracted for output.
[0069] In the first embodiment, a plate-like separator
layer 14 is inserted between each solid oxide fuel cell
unit so that the air and the fuel can be supplied separately
to the cathode electrode layer and the anode electrode
layer, respectively, in each solid oxide fuel cell unit. The
solid oxide fuel cell units C1 to C5 and the separator
layers together constitute a solid oxide fuel cell unit array,
and current collecting layers 12 and 13 are placed on
opposites sides of the solid oxide fuel cell unit array. The
wall structure 11 houses the solid oxide fuel cell unit array
in such a manner as to encircle it, and a space is formed
above the upper end of the solid oxide fuel cell unit array
as well as below the lower end thereof. The current col-
lecting layers formed on the opposites sides are provided
to extract the output of the solid oxide fuel cell unit array.
[0070] Devices for supplying the fuel F and the air Go
are provided in the space formed above the upper end
of the solid oxide fuel cell unit array. That is, the fuel
supply device 15 is provided that supplies the fuel F only
to the anode electrode layers 3 of the solid oxide fuel cell
units C1 to C5. The air supply device 16 is mounted in
such a manner as to cover the space above the upper
end of the solid oxide fuel cell unit array. The fuel F is
supplied to each anode electrode layer 3 from the upper
end toward the lower end thereof, thus keeping the anode
electrode layer side in a fuel-rich condition, and the air
Go is supplied to each cathode electrode layer 2 from
the upper end toward the lower end thereof, thus keeping
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the cathode electrode layer side in an oxygen-rich con-
dition.
[0071] The separator layers 14 inserted in the solid
oxide fuel cell unit array are provided in order to create
a fuel-rich condition and an oxygen-rich condition, sep-
arately from each other, in each solid oxide fuel cell unit;
each separator layer 14 is formed from an electrically
conductive material or an electrically insulating material.
When the separator layers 14 are formed from an elec-
trically conductive material, the solid oxide fuel cell units
C1 to C5 are connected in series, and when the separator
layers 14 are formed from an electrically insulating ma-
terial, the solid oxide fuel cell units C1 to C5 can be con-
nected in parallel or in series by using the lead wires L1
and L2.
[0072] On the other hand, a combustion device 17 hav-
ing an igniter (not shown) is provided in the space formed
below the lower end of the solid oxide fuel cell unit array.
When operating the fuel cell, the air Go is fed into this
lower end space through the cathode electrode layers 2
of the solid oxide fuel cell units C1 to C5, while the fuel
F is supplied there through the anode electrode layers
3, and the fuel F is burned by the combustion device 17,
producing a flame. With this flame, the solid oxide fuel
cell unit array is heated to a temperature at which the
fuel cell can be operated to generate power.
[0073] After the power generating operation of the solid
oxide fuel cell unit array is started, any residual fuel, re-
maining unconsumed by the solid oxide fuel cell unit ar-
ray, flows out of the lower end of the solid oxide fuel cell
unit array, and the oxygen that passed through the cath-
ode electrode layers 2 and that did not contribute to power
generation also flows out of the lower end; therefore, the
exhaust gas from the solid oxide fuel cell unit array is
safely burned by the combustion device 17 for treatment.
[0074] As described above, according to the construc-
tion of the power generating apparatus that uses the solid
oxide fuel cell according to the first embodiment, as the
air and fuel are supplied from the upper end of the solid
oxide fuel cell unit array, and the exhaust gas is burned
at the lower end of the solid oxide fuel cell unit array, not
only can the container of the solid oxide fuel cell be con-
structed in an open-type structure and the apparatus be
simplified in construction, but also the thermal energy
generated by the combustion of the exhaust gas can be
effectively utilized. Furthermore, the exhaust gas can be
treated easily and safely.

<Embodiment 2>

[0075] While the first embodiment has dealt with the
case in which, in each solid oxide fuel cell unit, the air
and the fuel are respectively supplied to the cathode elec-
trode layer and the anode electrode layer separately from
each other, the second embodiment concerns the case
of the solid oxide fuel cell in which a mixture gas of air
and fuel is supplied to the solid oxide fuel cell unit array.
Figure 2 shows the construction of the power generating

apparatus that uses the solid oxide fuel cell according to
the second embodiment.
[0076] In common with the first embodiment, the power
generating apparatus using the solid oxide fuel cell
shown in Figure 2 comprises five solid oxide fuel cell units
C1 to C5 each having the same rectangular shape, which
are stacked in a vertical position and housed inside the
cylindrical wall structure 11 formed from a heat insulator
layer. However, unlike the case of the first embodiment,
in the power generating apparatus using the solid oxide
fuel cell according to the second embodiment, as the
mixture gas is supplied to the solid oxide fuel cell unit
array, there is no need to insert a separator layer between
each solid oxide fuel cell unit, and as a result, the cathode
electrode layer or anode electrode layer of each solid
oxide fuel cell unit contacts the anode electrode layer or
cathode electrode layer of its adjacent solid oxide fuel
cell unit in surface-to-surface contacting relationship.
[0077] The solid oxide fuel cell units C1 to C5 constitute
the solid oxide fuel cell unit array. The solid oxide fuel
cell unit array is enclosed by the wall structure 11. A mix-
ture gas supply device 18 is mounted in the space formed
above the upper end of the solid oxide fuel cell unit array
and inside the wall structure 11. The mixture gas is sup-
plied from above the upper end of the solid oxide fuel cell
unit array. The supplied mixture gas passes through the
cathode electrode layer 2 and the anode electrode layer
3 in each solid oxide fuel cell unit.
[0078] The mixture gas, after passing through the cath-
ode electrode layer 2 and the anode electrode layer 3 in
each solid oxide fuel cell unit, is fed into the space formed
below the lower end of the solid oxide fuel cell unit array
and is burned in this space by the combustion device 17.
Any residual fuel and oxygen, remaining unconsumed
by the fuel cell for power generation, also flow out of the
lower end of the solid oxide fuel cell unit array and is
burned by the combustion device 17.
[0079] When operating the fuel cell, the mixture gas is
fed into the bottom space by passing through the cathode
electrode layers 2 and the anode electrode layers 3 of
the solid oxide fuel cell units C1 to C5, and the fuel F
contained in the mixture gas is burned by the combustion
device 17 with the aid of the air Go, producing a flame.
With this flame, the solid oxide fuel cell unit array is heated
to a temperature at which the fuel cell can be operated
to generate power.
[0080] After the power generating operation of the solid
oxide fuel cell unit array is started, any residual fuel, re-
maining unconsumed by the solid oxide fuel cell unit ar-
ray, flows out of the lower end of the solid oxide fuel cell
unit array and, at the same time, the oxygen that did not
contribute to power generation also flows out of the lower
end; therefore, the exhaust gas from the solid oxide fuel
cell unit array is safely burned by the combustion device
17 for treatment.
[0081] As described above, according to the construc-
tion of the power generating apparatus that uses the solid
oxide fuel cell according to the second embodiment, as
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the mixture gas is supplied from the upper end of the
solid oxide fuel cell unit array, and the exhaust gas is
burned at the lower end of the solid oxide fuel cell unit
array, the container of the solid oxide fuel cell can be
constructed in an open-type structure, and the apparatus
can be simplified in construction. Furthermore, the ther-
mal energy generated by the combustion of the exhaust
gas can be effectively utilized, and also the exhaust gas
can be treated easily and safely.

<Embodiment 3>

[0082] The second embodiment showed the case of
the solid oxide fuel cell in which the air-fuel mixture gas
is supplied to the solid oxide fuel cell unit array, and the
cathode electrode layer or anode electrode layer of each
solid oxide fuel cell unit contacts the anode electrode
layer or cathode electrode layer of its adjacent solid oxide
fuel cell unit in surface-to-surface contacting relationship.
However, as the cathode electrode layer and the anode
electrode layer contact each other in a surface-to-surface
contacting relationship, contact resistance occurs, and
this can cause a degradation of the electric current col-
lecting efficiency for the power generation of the fuel cell
units. Furthermore, there is a limit to the degree to which
the power generation efficiency can be improved, be-
cause the mixture gas cannot be supplied efficiently over
the entire surfaces of the cathode electrode and anode
electrode layers.
[0083] In view of the above, in the power generating
apparatus using the solid oxide fuel cell according to the
third embodiment, a gas-permeable electrically conduc-
tive layer is inserted between each of the solid oxide fuel
cell units C1 to C5 and its neighbor; otherwise, the con-
struction is the same as that of the fuel cell power gen-
erating apparatus of the second embodiment shown in
Figure 2. Figure 3 shows a portion of the solid oxide fuel
cell unit array with the gas-permeable electrically con-
ductive layer inserted between each solid oxide fuel cell
unit and its neighbor. The same parts as those in the
solid oxide fuel cell unit array shown in Figure 2 are des-
ignated by the same reference numerals.
[0084] The gas-permeable electrically conductive lay-
ers 19 having the same shape as the electrode layer of
each solid oxide fuel cell unit are each inserted between
the cathode electrode layer 2 of one solid oxide fuel cell
unit and the anode electrode layer 3 of its neighboring
solid oxide fuel cell unit. Each gas-permeable electrically
conductive layer 19 can be formed from a metal or con-
ductive ceramic porous structure so that the mixture gas
can be supplied from the upper end through to the lower
end of the solid oxide fuel cell unit array.
[0085] Alternatively, the electrically conductive layer
19 may be formed from a metal or conductive ceramic
plate with vertically extending grooves formed on both
sides thereof. Further, it may be formed from a plate cor-
rugated at right angles to the vertical direction. Alterna-
tively, the electrically conductive layer 19 itself may be

formed from a metal or carbon woven fabric.
[0086] As described above, according to the construc-
tion of the power generating apparatus that uses the solid
oxide fuel cell according to the third embodiment, as the
gas-permeable electrically conductive layers are insert-
ed in the solid oxide fuel cell unit array to enable the
mixture gas to be supplied effectively from the upper end
of the solid oxide fuel cell unit array, and the exhaust gas
is burned at the lower end of the solid oxide fuel cell unit
array, and the exhaust gas is burned at the lower end of
the solid oxide fuel cell unit array, not only can the con-
tainer of the solid oxide fuel cell be constructed in an
open-type structure and the apparatus be simplified in
construction, but also the power generation efficiency of
the fuel cell can be increased. Furthermore, the thermal
energy generated by the combustion of the exhaust gas
can be effectively utilized, and also the exhaust gas can
be treated easily and safely.

<Embodiment 4>

[0087] In each of the second and third embodiments,
the power generating apparatus using the solid oxide fuel
cell has been constructed by stacking the plurality of solid
oxide fuel cell units as a single solid oxide fuel cell unit
array within the wall structure. In the fourth embodiment,
the solid oxide fuel cell is constructed from a plurality of
solid oxide fuel cell unit arrays, one construction example
of which is shown in Figure 4.
[0088] The power generating apparatus using the solid
oxide fuel cell shown in Figure 4 comprises two solid
oxide fuel cell unit arrays. Each solid oxide fuel cell unit
array is identical in construction to the solid oxide fuel
cell unit array of the third embodiment shown in Figure
3; one solid oxide fuel cell unit array is constructed from
a stack of a plurality of solid oxide fuel cell units C11 to
C15, and the other is constructed from a stack of a plu-
rality of solid oxide fuel cell units C21 to C25. The gas-
permeable electrically conductive layer 19 is inserted be-
tween each solid oxide fuel cell unit.
[0089] The thus constructed two solid oxide fuel cell
unit arrays are housed inside the wall structure 11 in such
a manner as to be encircled by it. An electrically insulating
intervening layer 20 shown in Figure 5 is placed between
the two solid oxide fuel cell unit arrays which are thus
electrically isolated from each other. Figure 4 has shown
as an example the construction comprising two solid ox-
ide fuel cell unit arrays, but three or more solid oxide fuel
cell unit arrays may be used. Further, the solid oxide fuel
cell unit array of the second embodiment that does not
have a gas-permeable electrically conducive layer may
be employed for each solid oxide fuel cell unit array.
[0090] As shown in Figure 5, the electrically insulating
intervening layer 20 comprises an electrically insulating
substrate 201 and electrically conductive layers 202 and
203. The electrically insulating intervening layer 20 is
formed in the same shape as the solid oxide fuel cell unit.
The electrically insulating intervening layer 20 has the
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function of electrically isolating the two solid oxide fuel
cell unit arrays from each other, and the electrically con-
ductive layers 202 and 203 are formed on opposite sur-
faces of the electrically insulating substrate 201 to facil-
itate the current collection from the two solid oxide fuel
cell unit arrays. It is possible to connect the electric out-
puts of the two solid oxide fuel cell unit arrays in parallel.
[0091] The two solid oxide fuel cell unit arrays with the
electrically insulating intervening layer 20 interposed
therebetween are stacked together and housed inside
the wall structure 11, as shown in Figure 4, and a space
is formed above the stack of the two solid oxide fuel cell
unit arrays as well as below it. The mixture fuel gas supply
device 18 is mounted in the upper end space, and the
mixture gas is supplied simultaneously to the two solid
oxide fuel cell unit arrays. The mixture gas is supplied to
each solid oxide fuel cell unit from above the upper end
thereof.
[0092] The combustion device 17 having an igniter (not
shown) is disposed in the space formed below the two
solid oxide fuel cell unit arrays within the wall structure
11; in this space, the exhaust gas or the mixture gas
passed through each solid oxide fuel cell unit is burned,
producing a flame. In the solid oxide fuel cell of Figure
4, an electrically insulating porous layer 21 is formed cov-
ering the entire bottom surfaces of the two solid oxide
fuel cell unit arrays so that a uniform flame can be pro-
duced.
[0093] When operating the fuel cell, the mixture gas is
fed into the lower end space through the cathode elec-
trode layers 2 and the anode electrode layers 3 of the
solid oxide fuel cell unit arrays, and the fuel F contained
in the mixture gas is burned by the combustion device
17 with the aid of the air Go, producing a flame. With this
flame, the solid oxide fuel cell unit arrays are heated to
a temperature at which the fuel cell can be operated to
generate power.
[0094] After the power generating operation of the solid
oxide fuel cell unit arrays is started, any residual fuel,
remaining unconsumed by each solid oxide fuel cell unit
array, flows out of the lower end of the solid oxide fuel
cell unit array and, at the same time, the oxygen that did
not contribute to power generation also flows out of the
lower end; therefore, the exhaust gas from the solid oxide
fuel cell unit array is safely burned by the combustion
device 17 for treatment.
[0095] Further, as shown in Figure 4, a cooling device
22 is provided on the outside of the wall structure 11 of
the fuel cell power generating apparatus. The cooling
device 22 is, for example, a pipe capable of passing a
coolant such as water therethrough; this pipe is installed
around the wall structure 11. In this cooling device 22,
the heat generated during the power generation of the
solid oxide fuel cell unit arrays is transferred to the cool-
ant, and this heat is extracted outside the apparatus and
utilized.
[0096] As described above, according to the construc-
tion of the power generating apparatus that uses the solid

oxide fuel cell according to the fourth embodiment, as
the electrically insulating intervening layer is interposed
between the solid oxide fuel cell unit arrays, the embod-
iment not only offers the same effect as achieved in the
third embodiment but also offers the effect of simplifying
the parallel connection of the solid oxide fuel cell unit
arrays.

<Embodiment 5>

[0097] In the fourth embodiment, the electrically insu-
lating intervening layer was placed between the plurality
of fuel cell unit arrays, and the plurality of fuel cell unit
arrays were stacked side by side inside the wall structure
by interposing the electrically insulating intervening layer
between the fuel cell unit arrays. In the fifth embodiment,
on the other hand, the solid oxide fuel cell is constructed
by stacking a plurality of fuel cell unit arrays on one top
of the other with an electrically insulating porous layer
interposed therebetween, one construction example of
which is shown in Figure 6.
[0098] The power generating apparatus using the solid
oxide fuel cell shown in Figure 6 comprises two solid
oxide fuel cell unit arrays. Each solid oxide fuel cell unit
array is similar in construction to the solid oxide fuel cell
unit array of the third embodiment shown in Figure 3; the
first solid oxide fuel cell unit array in the upper part is
constructed from a stack of a plurality of solid oxide fuel
cell units C11 to C18, and the second solid oxide fuel cell
unit array in the lower part is constructed from a stack of
a plurality of solid oxide fuel cell units C21 to C28. A gas-
permeable electrically conductive layer 19 is inserted be-
tween each of the stacked solid oxide fuel cell units and
its neighbor.
[0099] The electrically insulating porous layer 23, ex-
tending in a direction at right angles to the vertical direc-
tion in which the solid oxide fuel cell units are oriented,
is interposed between the first solid oxide fuel cell unit
array and the second solid oxide fuel cell unit array; as
shown in Figure 6, the upper surface of the electrically
insulating porous layer 23 is in contact with the lower
surface of the first solid oxide fuel cell unit array, while
the lower surface of the electrically insulating porous lay-
er 23 is in contact with the upper surface of the second
solid oxide fuel cell unit array.
[0100] The first and second solid oxide fuel cell unit
arrays are housed inside the wall structure 11 with current
collecting layers 12 and 13 interposed between the wall
structure 11 and the respective arrays. The first and sec-
ond solid oxide fuel cell unit arrays are electrically con-
nected in parallel by the current collecting layers 12 and
13. A space is formed above the first solid oxide fuel cell
unit array as well as below the second solid oxide fuel
cell unit array. The mixture gas supply device 18 is pro-
vided in the upper space. The mixture gas is supplied to
the upper surface of the first solid oxide fuel cell unit array,
and the mixture gas is thus fed into each solid oxide fuel
cell through the upper end thereof.
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[0101] The combustion device 17 having an igniter (not
shown) is disposed in the space formed below the second
solid oxide fuel cell unit array within the wall structure 11;
in this lower end space, a flame is produced by burning
the exhaust gas or the mixture gas that has passed
through the first solid oxide fuel cell unit array and then
through the electrically insulating porous layer 23 and
the second solid oxide fuel cell unit array. In the solid
oxide fuel cell of Figure 6 also, an electrically insulating
porous layer may be formed on the bottom surface of the
second solid oxide fuel cell unit array, as in the fourth
embodiment.
[0102] When operating the fuel cell, the mixture gas is
fed into the lower end space through the cathode elec-
trode layers 2 and the anode electrode layers 3 of the
upper and lower solid oxide fuel cell unit arrays, and the
fuel F contained in the mixture gas is burned by the com-
bustion device 17 with the aid of the air Go, producing a
flame. With this flame, the first and second solid oxide
fuel cell unit arrays are heated to a temperature at which
the fuel cell can be operated to generate power.
[0103] After the power generating operation of the first
and second solid oxide fuel cell unit arrays is started, any
residual fuel, remaining unconsumed by the solid oxide
fuel cell unit arrays, flows out of the lower end of the
second solid oxide fuel cell unit array, and at the same
time, the oxygen that did not contribute to power gener-
ation also flows out of the lower end; therefore, the ex-
haust gas from the first and second solid oxide fuel cell
unit arrays is safely burned by the combustion device 17
for treatment.
[0104] In the fifth embodiment also, a cooling device
22 is provided on the outside of the wall structure 11 of
the fuel cell power generating apparatus, as shown in
Figure 6. The cooling device 22 is, for example, a pipe
capable of passing a coolant such as water therethrough;
this pipe is installed around the wall structure 11. In this
cooling device 22, the heat generated during the power
generation of the first and second solid oxide fuel cell
unit arrays is transferred to the coolant, and this heat is
extracted outside the apparatus and utilized.
[0105] As described above, according to the construc-
tion of the power generating apparatus that uses the solid
oxide fuel cell according to the fifth embodiment, as the
electrically insulating porous layer is interposed between
the upper and lower solid oxide fuel cell unit arrays, the
embodiment not only offers the same effect as achieved
in the third embodiment but also offers the effect of sim-
plifying the parallel connection of the solid oxide fuel cell
unit arrays; furthermore, the power output of the fuel cell
can be easily increased by stacking any additional solid
oxide fuel cell unit arrays by interposing an electrically
insulating porous layer between each array.

<Embodiment 6>

[0106] In the second to fifth embodiments of the power
generating apparatus using the solid oxide fuel cell, the

flat plate solid oxide fuel cell unit formed, for example, in
a rectangular shape as shown in Figure 8, has been used
as the basic unit, and each solid oxide fuel cell unit array
has been constructed by stacking a plurality of such solid
oxide fuel cell units. In the sixth embodiment, the power
generating apparatus is not constructed by stacking a
plurality of solid oxide fuel cell units, but is constructed
by spirally winding a single rectangular flat plate solid
oxide fuel cell unit around a vertical axis.
[0107] Figures 7A and 7B show the spirally wound sol-
id oxide fuel cell unit as the solid oxide fuel cell used in
the fuel cell power generating apparatus according to the
sixth embodiment. Figure 7A shows a top plan view of
one spirally wound solid oxide fuel cell unit, and Figure
7B shows a vertical cross-sectional view taken along line
X-X in Figure 7A.
[0108] The solid oxide fuel cell unit C is the same as
the solid oxide fuel cell unit shown in Figure 8 in that it
comprises a solid oxide substrate 1, a cathode electrode
layer 2, and an anode electrode layer 3, but differs in that
the single rectangular solid oxide fuel cell unit with the
solid oxide substrate 1, the cathode electrode layer 2,
and the anode electrode layer 3 laid one on top of another
is wound around a vertical axis to form a spirally wound
structure. In Figure 7, the fuel cell unit is wound with the
cathode electrode layer 2 facing out, but it may be wound
with the anode electrode layer 3 facing out. Here, the
spirally wound solid oxide fuel cell unit itself may be con-
structed from a stack of a plurality of solid oxide fuel cell
units each comprising a solid oxide substrate 1, a cathode
electrode layer 2, and an anode electrode layer 3.
[0109] Further, when the external shape of the spirally
wound structure is rectangular as shown in Figure 7A, it
can be conveniently housed inside a rectangular box-like
wall structure 11 such as one used in other embodiments,
and it is also possible to house a plurality of solid oxide
fuel cell units C in a vertical position. On the other hand,
when the external shape of the spirally wound structure
is circular, the horizontal cross-sectional shape of the
wall structure for housing the solid oxide fuel cell unit C
must also be made circular.
[0110] If a current collecting layer 12 is provided on
the outer surface of the cathode electrode layer 2 and a
current collecting layer 13 on the outer surface of the
anode electrode layer 3, the power generation output of
the fuel cell can be effectively extracted. For the current
collecting layers, use can be made of metal meshes or
metal wires embedded in the respective electrode layers
as earlier described. Further, an electrically insulating
porous layer is formed between the cathode electrode
layer 2 and the anode electrode layer 3 to prevent the
cathode electrode layer 2 and the anode electrode layer
3 from contacting each other when the solid oxide fuel
cell unit C is spirally wound.
[0111] When arranging a plurality of spirally wound sol-
id oxide fuel cell units C in parallel within the wall structure
11, every one of the plurality of solid oxide fuel cell units
C may be constructed from a wound structure spirally
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wound with either its cathode electrode layer or anode
electrode layer facing out, or the plurality of solid oxide
fuel cell units C may be constructed from a pair or pairs
of wound structures each pair consisting of a wound
structure spirally wound with its cathode electrode layer
facing out and a wound structure spirally wound with its
anode electrode layer facing out.
[0112] When every one of the plurality of solid oxide
fuel cell units C is constructed from a wound structure
spirally wound with either its cathode electrode layer or
anode electrode layer facing out, this means that all the
solid oxide fuel cell units C are connected in parallel; on
the other hand, when the plurality of solid oxide fuel cell
units C is constructed from a pair or pairs of wound struc-
tures each pair consisting of a wound structure spirally
wound with its cathode electrode layer facing out and a
wound structure spirally wound with its anode electrode
layer facing out, this means that the two solid oxide fuel
cell units in each pair are connected in series.
[0113] The thus constructed solid oxide fuel cell units
C are stacked in a vertical position and housed inside
the wall structure 11, as in the second to fifth embodi-
ments, and the mixture gas is fed into the space formed
above the solid oxide fuel cell units C by the mixture gas
supply device 18. On the other hand, in the space formed
below the solid oxide fuel cell units C, the exhaust gas
and the mixture gas exiting from the solid oxide fuel cell
units C are burned, producing a flame.
[0114] As described above, according to the construc-
tion of the power generating apparatus that uses the solid
oxide fuel cell according to the sixth embodiment, not
only can the container of the solid oxide fuel cell be con-
structed in an open-type structure and the apparatus be
simplified in construction, but also the thermal energy
generated by the combustion of the exhaust gas can be
effectively utilized, as in the second to fifth embodiments.
Furthermore, the exhaust gas can be treated easily and
safely.

Claims

1. A solid oxide fuel cell power generating apparatus
comprising:

a solid oxide fuel cell unit having a solid oxide
substrate (1), a porous cathode electrode layer
(2) formed on one surface of said substrate (1),
and a porous anode electrode layer (3) formed
on the other surface of said substrate (1) oppo-
site from said one surface;
a wall structure (11) forming a housing section
for housing said solid oxide fuel cell unit mount-
ed in a vertical position, the wall structure encir-
cling the solid oxide fuel cell unit;
a supply device (18) for supplying air and fuel
to said solid oxide fuel cell unit, the supply device
being provided at an upper end of said wall struc-

ture; and
a combustion device (17) for heating said solid
oxide fuel cell unit by combusting an exhaust
gas exiting from a lower end of said solid oxide
fuel cell unit, the combustion device being pro-
vided at a lower end of said wall structure.

2. A solid oxide fuel cell power generating apparatus
as claimed in claim 1, wherein a plurality of said solid
oxide fuel cell units, each formed in the shape of a
flat plate, are stacked and housed in said housing
section of the wall structure vertically.

3. A solid oxide fuel cell power generating apparatus
as claimed in claim 2, wherein said cathode elec-
trode layer (2) or said anode electrode layer (3) of
each of said solid oxide fuel cell units is in direct
contact with said anode electrode layer (3) or said
cathode electrode layer (12) of an adjacent one of
said solid oxide fuel cell units.

4. A solid oxide fuel cell power generating apparatus
as claimed in claim 2 or 3, wherein
said solid oxide fuel cell units are stacked by inter-
posing a separator layer (14) between each of said
solid oxide fuel cell units and an adjacent one of said
solid oxide fuel cell units, and
said supply device supplies said air to each of said
cathode electrode layers (2) from an upper end
thereof, and supplies said fuel to each of said anode
layers (3) from an upper end thereof.

5. A solid oxide fuel cell power generating apparatus
as claimed in claim 4, wherein said separator layer
(14) is formed from an electrically conductive or elec-
trically insulating plate.

6. A solid oxide fuel cell power generating apparatus
as claimed in any one of claims 1 to 3, wherein said
supply device (18) supplies a mixture gas containing
said air and said fuel to each of said solid oxide fuel
cell units from an upper end thereof.

7. A solid oxide fuel cell power generating apparatus
as claimed in claim 6, wherein said solid oxide fuel
cell units are stacked by interposing a gas-permea-
ble electrically conductive layer (14) between each
of said solid oxide fuel cell units and an adjacent one
of said solid oxide fuel cell units.

8. A solid oxide fuel cell power generating apparatus
as claimed in claim 7, wherein said electrically con-
ductive layer (19) is formed from a metal or electri-
cally conductive ceramic porous structure.

9. A solid oxide fuel cell power generating apparatus
as claimed in claim 8, wherein said electrically con-
ductive layer (19) has a groove formed in the vertical
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direction.

10. A solid oxide fuel cell power generating apparatus
as claimed in claim 8, wherein said electrically con-
ductive layer (19) is formed from a plate corrugated
at right angles to the vertical direction.

11. A solid oxide fuel cell power generating apparatus
as claimed in claim 7, wherein said electrically con-
ductive layer (19) is formed from a metal or carbon
woven fabric.

12. A solid oxide fuel cell power generating apparatus
as claimed in any one of claims 2 to 11, wherein
said plurality of solid oxide fuel cell units are divided
into unit arrays, and said unit arrays are stacked in-
side said wall structure (11), and wherein
an electrically insulating intervening layer (20) is in-
serted between said stacked unit arrays, and outputs
of said unit arrays are connected in parallel.

13. A solid oxide fuel cell power generating apparatus
as claimed in any one of claims 2 to 11, wherein
said plurality of solid oxide fuel cell units are divided
into unit arrays vertically by interposing an electrical-
ly insulating porous layer (23) therebetween, and
said unit arrays are stacked inside said wall structure
(11), and wherein
outputs of said unit arrays are connected in parallel.

14. A solid oxide fuel cell power generating apparatus
as claimed in claim 1, wherein said solid oxide fuel
cell unit is formed as a wound structure spirally
wound around a vertical axis.

15. A solid oxide fuel cell power generating apparatus
as claimed in claim 14, wherein said wound structure
is formed from a plurality of solid oxide fuel cell units
stacked one on top of another.

16. A solid oxide fuel cell power generating apparatus
as claimed in claim 14 or 15, wherein a plurality of
said wound structures are arranged in parallel to
each other within said housing section.

17. A solid oxide fuel cell power generating apparatus
as claimed in any one of claims 14 to 16, wherein
said supply device (18) supplies a mixture gas con-
taining said air and said fuel to said solid oxide fuel
cell unit from an upper end thereof.

18. A solid oxide fuel cell power generating apparatus
as claimed in any one of claims 6 to 17, wherein
an electrically insulating porous layer (21) is formed
on lower surfaces of the plurality of said solid oxide
fuel cell units housed in said housing section, and
said exhaust gas exhausting from the lower surfaces
of the plurality of said solid oxide fuel cell units is

supplied to the lower end of said wall structure via
said electrically insulating layer (21), and combusted
by said combustion device.

19. A solid oxide fuel cell power generating apparatus
as claimed in any one of claims 1 to 18, wherein a
heat insulator layer is provided on an outside of said
wall structure.

20. A solid oxide fuel cell power generating apparatus
as claimed in claim 19, wherein a cooler or a heat
exchanger is provided on an outside of said heat
insulator layer.

Patentansprüche

1. Energieerzeugungsvorrichtung mit Festoxidbrenn-
stoffzelle umfassend:

eine Festoxidbrennstoffzelleneinheit mit einem
Festoxidsubstrat (1), eine poröse Kathoden-
elektrodenschicht (2), die auf einer Oberfläche
des genannten Substrats (1) gebildet ist, und
eine poröse Anodenelektrodenschicht (3), die
auf der anderen der genannten einen Oberflä-
che gegenüberliegenden Oberfläche des ge-
nannten Substrats (1) gebildet ist,
eine Wandstruktur (11), die einen Gehäuseab-
schnitt zur Aufnahme der genannten Festoxid-
brennstoffzelleneinheit bildet, die in einer verti-
kalen Position montiert ist, wobei die Wand-
struktur die Festoxidbrennstoffzelleneinheit um-
schließt;
eine Zufuhreinrichtung (18) zum Zuführen von
Luft und Brennstoff zu der genannten Festoxid-
brennstoffzelleneinheit, wobei die Zufuhrein-
richtung an einem oberen Ende der genannten
Wandstruktur bereitgestellt wird; und
eine Verbrennungseinrichtung (17) zum Heizen
der genannten Festoxidbrennstoffzelleneinheit
durch Verbrennung eines aus einem unteren
Ende der genannten Festoxidbrennstoffzellen-
einheit austretenden Abgases, wobei die Ver-
brennungseinrichtung an einem unteren Ende
der genannten Wandstruktur bereitgestellt wird.

2. Energieerzeugungsvorrichtung mit Festoxidbrenn-
stoffzelle nach Anspruch 1, wobei eine Vielzahl von
genannten Festoxidbrennstoffzelleneinheiten, die
jeweils in der Form einer flachen Platte gebildet sind,
in dem genannten Gehäuseabschnitt der Wand-
struktur vertikal gestapelt und aufgenommen sind.

3. Energieerzeugungsvorrichtung mit Festoxidbrenn-
stoffzelle nach Anspruch 2, wobei die genannte Ka-
thodenelektrodenschicht (2) oder die genannte An-
odenelektrodenschicht (3) jeder der genannten
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Festoxidbrennstoffzelleneinheiten in direktem Kon-
takt mit der genannten Anodenelektrodenschicht (3)
oder der genannten Kathodenelektrodenschicht (2)
einer der genannten angrenzenden Festoxidbrenn-
stoffzelleneinheiten ist.

4. Energieerzeugungsvorrichtung mit Festoxidbrenn-
stoffzelle nach Anspruch 2 oder 3, wobei
die genannten Festoxidbrennstoffzelleneinheiten
durch Einfügen einer Trennschicht (14) zwischen
den einzelnen genannten Festoxidbrennstoffzellen-
einheiten und einer angrenzenden der genannten
Festoxidbrennstoffzelleneinheiten gestapelt sind,
und
die genannte Zufuhreinrichtung die genannte Luft zu
jeder der Kathodenelektrodenschichten (2) aus ei-
nem oberen Ende davon zuführt und den genannten
Brennstoff zu jeder der Anodenschichten (3) aus ei-
nem oberen Ende davon zuführt.

5. Energieerzeugungsvorrichtung mit Festoxidbrenn-
stoffzelle nach Anspruch 4, wobei die genannte
Trennschicht (14) aus einer elektrisch leitfähigen
oder einer elektrisch isolierenden Platte gebildet ist.

6. Energieerzeugungsvorrichtung mit Festoxidbrenn-
stoffzelle nach einem der Ansprüche 1 bis 3, wobei
die genannte Zufuhreinrichtung (18) eine aus der ge-
nannten Luft und dem genannten Brennstoff beste-
hende Gasmischung zu jeder der genannten Fest-
oxidbrennstoffzelleneinheiten aus einem oberen En-
de davon zuführt.

7. Energieerzeugungsvorrichtung mit Festoxidbrenn-
stoffzelle nach Anspruch 6, wobei die genannten
Festoxidbrennstoffzelleneinheiten durch Einfügen
einer gasdurchlässigen elektrisch leitfähigen
Schicht (14) zwischen den einzelnen genannten
Festoxidbrennstoffzelleneinheiten und einer an-
grenzenden der genannten Festoxidbrennstoffzel-
leneinheiten gestapelt sind.

8. Energieerzeugungsvorrichtung mit Festoxidbrenn-
stoffzelle nach Anspruch 7, wobei die genannte elek-
trisch leitfähige Schicht (19) aus einem Metall oder
einer elektrisch leitfähigen keramischen porösen
Struktur gebildet ist.

9. Energieerzeugungsvorrichtung mit Festoxidbrenn-
stoffzelle nach Anspruch 8, wobei die genannte elek-
trisch leitfähige Schicht (19) eine Furche hat, die in
vertikaler Richtung gebildet ist.

10. Energieerzeugungsvorrichtung mit Festoxidbrenn-
stoffzelle nach Anspruch 8, wobei die genannte elek-
trisch leitfähige Schicht (19) aus einer rechtwinklig
in vertikaler Richtung gewellten Platte gebildet ist.

11. Energieerzeugungsvorrichtung mit Festoxidbrenn-
stoffzelle nach Anspruch 7, wobei die genannte elek-
trisch leitfähige Schicht (19) aus einem Metall oder
Kohlenstofffasern gebildet ist.

12. Energieerzeugungsvorrichtung mit Festoxidbrenn-
stoffzelle nach einem der Ansprüche 2 bis 11, wobei
die genannte Vielzahl von Festoxidbrennstoffzellen-
einheiten in Einheitsanordnungen aufgeteilt sind,
und die genannten Einheitsanordnungen innerhalb
der genanten Wandstruktur (11) gestapelt sind, und
wobei
eine elektrisch isolierende Zwischenschicht (20) zwi-
schen den genannten gestapelten Einheitsanord-
nungen eingefügt ist und Ausgänge der genannten
Einheitsanordnungen parallel zueinander verbun-
den sind.

13. Energieerzeugungsvorrichtung mit Festoxidbrenn-
stoffzelle nach einem der Ansprüche 2 bis 11, wobei
die genannte Vielzahl von Festoxidbrennstoffzellen-
einheiten in Einheitsanordnungen vertikal durch Da-
zwischeneinfügen einer elektrisch isolierenden po-
rösen Schicht (23) aufgeteilt sind, und die genannten
Einheitsanordnungen innerhalb der genanten
Wandstruktur (11) gestapelt sind, und wobei
Aushänge der genannten Einheitsanordnungen par-
allel zueinander verbunden sind.

14. Energieerzeugungsvorrichtung mit Festoxidbrenn-
stoffzelle nach Anspruch 1, wobei die genannte Fest-
oxidbrennstoffzelleneinheit als eine um eine vertika-
le Achse spiralförmig gewickelte Wickelstruktur ge-
bildet ist.

15. Energieerzeugungsvorrichtung mit Festoxidbrenn-
stoffzelle nach Anspruch 14, wobei die genannte
Wickelstruktur aus einer Vielzahl von übereinander
gestapelten Festoxidbrennstoffzelleneinheiten ge-
bildet ist.

16. Energieerzeugungsvorrichtung mit Festoxidbrenn-
stoffzelle nach Anspruch 14 oder 15, wobei eine Viel-
zahl von genannten Strukturen parallel zueinander
innerhalb des genannten Gehäuseabschnitts ange-
ordnet sind.

17. Energieerzeugungsvorrichtung mit Festoxidbrenn-
stoffzelle nach einem der Ansprüche 14 bis 16, wo-
bei die genannte Zufuhreinrichtung (18) eine aus der
genannten Luft und dem genannten Brennstoff be-
stehende Gasmischung zu jeder der genannten
Festoxidbrennstoffzelleneinheiten aus einem obe-
ren Ende davon zuführt.

18. Energieerzeugungsvorrichtung mit Festoxidbrenn-
stoffzelle nach einem der Ansprüche 6 bis 17, wobei
eine elektrisch isolierende poröse Schicht (21) auf
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unteren Oberflächen der Vielzahl von genannten
Festoxidbrennstoffzelleneinheiten gebildet ist, die in
dem genannten Gehäuseabschnitt aufgenommen
sind, und
das aus der unteren Oberflächen der Vielzahl von
genannten Festoxidbrennstoffzelleneinheiten aus-
tretende Abgas zu dem unteren Ende der genannten
Wandstruktur durch die genannte elektrisch isolie-
rende Schicht (21) zugeführt und durch die genannte
Verbrennungseinrichtung verbrannt wird.

19. Energieerzeugungsvorrichtung mit Festoxidbrenn-
stoffzelle nach einem der Ansprüche 1 bis 18, wobei
eine Wärmeisolatorschicht auf einer Außenseite der
genannten Wandstruktur bereitgestellt wird.

20. Energieerzeugungsvorrichtung mit Festoxidbrenn-
stoffzelle nach Anspruch 19, wobei ein Kühler oder
ein Wärmetauscher auf einer Außenseite der ge-
nannten Wärmeisolatorschicht bereitgestellt wird.

Revendications

1. Appareil générateur d’électricité à pile à combustible
à oxyde solide comportant :

une unité de pile à combustible à oxyde solide
ayant un substrat d’oxyde solide (1), une couche
d’électrode de cathode poreuse (2) réalisée sur
une surface dudit substrat (1), et une couche
d’électrode d’anode poreuse (3) réalisée sur
l’autre surface dudit substrat (1) opposée à la-
dite une surface ;
une surface de paroi (11) formant une section
de logement destinée à recevoir ladite unité de
pile à combustible à oxyde solide montée dans
une position verticale, la structure de paroi en-
tourant l’unité de pile à combustible à oxyde
solide ;
un dispositif d’alimentation (18) destiné à ali-
menter de l’air et du combustible à ladite unité
de pile à combustible à oxyde solide, le dispositif
d’alimentation étant mis en oeuvre au niveau
d’une extrémité supérieure de ladite structure
de paroi ; et
un dispositif de combustion (17) destiné à chauf-
fer ladite unité de pile à combustible à oxyde
solide par la combustion d’un gaz d’échappe-
ment sortant en provenance d’une extrémité in-
férieure de ladite unité de pile à combustible à
oxyde solide, le dispositif de combustion étant
mis en oeuvre au niveau d’une extrémité infé-
rieure de ladite structure de paroi.

2. Appareil générateur d’électricité à pile à combustible
à oxyde solide selon la revendication 1, dans lequel
une pluralité desdites unités de pile à combustible à

oxyde solide, chacune réalisée sous la forme d’une
plaque plate, sont empilées et reçues dans ladite
section de logement de la structure de paroi à la
verticale.

3. Appareil générateur d’électricité à pile à combustible
à oxyde solide selon la revendication 2, dans lequel
ladite couche d’électrode de cathode (2) ou ladite
couche d’électrode d’anode (3) de chacune desdites
unités de pile à combustible à oxyde solide est en
contact direct avec ladite couche d’électrode d’ano-
de (3) ou ladite couche d’électrode de cathode (12)
d’une unité adjacente desdites unités de pile à com-
bustible à oxyde solide.

4. Appareil générateur d’électricité à pile à combustible
à oxyde solide selon la revendication 2 ou la reven-
dication 3, dans lequel
lesdites unités de pile à combustible à oxyde solide
sont empilées en intercalant une couche de sépara-
tion (14) entre chacune desdites unités de pile à com-
bustible à oxyde solide et une unité adjacente des-
dites unités de pile à combustible à oxyde solide, et
ledit dispositif d’alimentation alimente ledit air à cha-
cune desdites couche d’électrode de cathode (2) en
provenance d’une extrémité supérieure de celui-ci,
et alimente ledit combustible à chacune desdites
couches d’anode (3) en provenance d’une extrémité
supérieure de celui-ci.

5. Appareil générateur d’électricité à pile à combustible
à oxyde solide selon la revendication 4, dans lequel
ladite couche de séparation (14) est réalisée à partir
d’une plaque électriquement conductrice ou électri-
quement isolante.

6. Appareil générateur d’électricité à pile à combustible
à oxyde solide selon l’une quelconque des revendi-
cations 1 à 3, dans lequel ledit dispositif d’alimenta-
tion (18) alimente un mélange gazeux contenant ledit
air et ledit combustible à chacune desdites unités de
pile à combustible à oxyde solide en provenance
d’une extrémité supérieure de celui-ci.

7. Appareil générateur d’électricité à pile à combustible
à oxyde solide selon la revendication 6, dans lequel
lesdites unités de pile à combustible à oxyde solide
sont empilées en intercalant une couche électrique-
ment conductrice perméable aux gaz (14) entre cha-
cune desdites unités de pile à combustible à oxyde
solide et une unité adjacente desdites unités de pile
à combustible à oxyde solide.

8. Appareil générateur d’électricité à pile à combustible
à oxyde solide selon la revendication 7, dans lequel
ladite couche électriquement conductrice (19) est
réalisée à partir d’une structure poreuse en cérami-
que électriquement conductrice ou en métal.
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9. Appareil générateur d’électricité à pile à combustible
à oxyde solide selon la revendication 8, dans lequel
ladite couche électriquement conductrice (19) a une
rainure réalisée dans le sens vertical.

10. Appareil générateur d’électricité à pile à combustible
à oxyde solide selon la revendication 8, dans lequel
ladite couche électriquement conductrice (19) est
réalisée à partir d’une plaque ondulée à angles droits
par rapport au sens vertical.

11. Appareil générateur d’électricité à pile à combustible
à oxyde solide selon la revendication 7, dans lequel
ladite couche électriquement conductrice (19) est
réalisée à partir d’un tissu tissé en carbone ou en
métal.

12. Appareil générateur d’électricité à pile à combustible
à oxyde solide selon l’une quelconque des revendi-
cations 2 à 11, dans lequel
ladite pluralité d’unités de pile à combustible à oxyde
solide sont divisées en réseaux d’unités, et lesdits
réseaux d’unités sont empilés à l’intérieur de ladite
structure de paroi (11), et dans lequel
une couche intermédiaire électriquement isolante
(20) est insérée entre lesdits réseaux d’unités em-
pilés, et des sorties desdits réseaux d’unités sont
connectées en parallèle.

13. Appareil générateur d’électricité à pile à combustible
à oxyde solide selon l’une quelconque des revendi-
cations 2 à 11, dans lequel
ladite pluralité d’unités de pile à combustible à oxyde
solide sont divisées en réseaux d’unités à la verticale
en intercalant une couche poreuse électriquement
isolante (23) entre celles-ci, et lesdits réseaux d’uni-
tés sont empilés à l’intérieur de ladite structure de
paroi (11), et dans lequel
des sorties desdits réseaux d’unités sont connec-
tées en parallèle.

14. Appareil générateur d’électricité à pile à combustible
à oxyde solide selon la revendication 1, dans lequel
ladite unité de pile à combustible à oxyde solide est
réalisée sous la forme d’une structure enroulée en
spirale autour d’un axe vertical.

15. Appareil générateur d’électricité à pile à combustible
à oxyde solide selon la revendication 14, dans lequel
ladite structure enroulée est réalisée à partir d’une
pluralité d’unités de pile à combustible à oxyde solide
empilées les unes sur les autres.

16. Appareil générateur d’électricité à pile à combustible
à oxyde solide selon la revendication 14 ou la reven-
dication 15, dans lequel une pluralité desdites struc-
tures enroulées sont arrangées parallèlement les
unes par rapport aux autres à l’intérieur de ladite

section de logement.

17. Appareil générateur d’électricité à pile à combustible
à oxyde solide selon l’une quelconque des revendi-
cations 14 à 16, dans lequel ledit dispositif d’alimen-
tation (18) alimente un mélange gazeux contenant
ledit air et ledit combustible à ladite unité de pile à
combustible à oxyde solide en provenance d’une ex-
trémité supérieure de celui-ci.

18. Appareil générateur d’électricité à pile à combustible
à oxyde solide selon l’une quelconque des revendi-
cations 6 à 17, dans lequel
une couche poreuse électriquement isolante (21) est
réalisée sur des surfaces inférieures de la pluralité
desdites unités de pile à combustible à oxyde solide
reçues dans ladite section de logement, et
ledit gaz d’échappement s’échappant en provenan-
ce des surfaces inférieures de la pluralité desdites
unités de pile à combustible à oxyde solide est ali-
menté au niveau de l’extrémité inférieure de ladite
structure de paroi par le biais de ladite couche élec-
triquement isolante (21), et brûlé par ledit dispositif
de combustion.

19. Appareil générateur d’électricité à pile à combustible
à oxyde solide selon l’une quelconque des revendi-
cations 1 à 18, dans lequel une couche d’isolation
thermique est mise en oeuvre sur une partie exté-
rieure de ladite structure de paroi.

20. Appareil générateur d’électricité à pile à combustible
à oxyde solide selon la revendication 19, dans lequel
un refroidisseur ou un échangeur de chaleur est mis
en oeuvre sur une partie extérieure de la dite couche
d’isolation thermique.
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